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Faecal mucinase activity assessed in inflammatory
bowel disease using 14C threonine labelled mucin
substrate

A D Dwarakanath, B J Campbell, H H Tsai, D Sunderland, C A Hart, J M Rhodes

Abstract
Previous studies have shown the presence
in faeces of sulphatases, sialidases, gly-
cosidases, and proteases relevant to
mucus degradation, but the relative role
of these enzymes in the degradation of
colonic mucus has been unclear. A total
mucinase assay using 14C threonine bio-
logically labelled human colonic mucin as
substrate was therefore developed in this
study. Faecal mucinase activity of a
pooled normal faecal filtrate was capable
ofremoving 80% ofthe 14C threonine label
from mucin within eight hours incuba-
tion, but 20% remained intact despite pro-
longed incubation. The pH profile of
mucinase activity is broad (pH 4.5-9.5)
suggesting contribution from multiple
enzymes. Mucinase activity was reduced
by preincubation with 100 ,ug/ml chymo-
statin (82.8%), 0.5 mg/ml EDTA (91.6%),
and 4 g/l bismuth subsalicylate (72.00/o).
All 55 faecal samples studied contained
detectable mucinase activity, measured as
dpm releasel,ug protein/hour, which was
greater in samples from patients with
ulcerative colitis (n= 17, median 52.7,
interquartile range 32.9-66.9), than con-
trols (n=26, 34.4, 26*8-40.4, p<0.02) or
patients with Crohn's disease (n= 12, 35.5,
17*5-55.7, p<005). There was, how-
ever, no significant difference in faecal
mucinase activity between inactive and
active ulcerative colitis. These results
suggest that faecal mucinase activity is
one factor contributing to the thin mucus
layer in ulcerative colitis and represents a
potential target for drug treatment.
(Gut 1995; 37: 58-62)
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Colonic mucus is an adherent, water insoluble
gel that has several functions, including protec-
tion of the epithelium from mechanical
trauma, toxins, allergens, and from microbial
invasion.1 It is also a potential energy source

for bacteria,2 which secrete a range of mucin
degrading sulphatases,3 sialidases,4 glycosi-
dases,5 and proteases.4 6 7 The relative role of
these enzymes in the degradation of human
colonic mucin has been unclear, but it has
been speculated that a change in the relation
between secreted mucus and its degradation by
bacterial enzymes could be an important
pathogenic mechanism in inflammatory bowel

disease.8 A novel total mucinase assay has
therefore been developed using as substrate
human colonic mucin with 14C threonine
incorporated into the mucin core protein. This
has then been used to assess the total mucin
degrading activity of faecal samples from ulcer-
ative colitis, Crohn's disease, and normal
controls.

Methods

Preparation of 14C labelled mucin substrate
Rectal biopsy specimens were obtained with
informed consent from five patients under-
going routine colonoscopy who were found to
have macroscopically and histologically normal
rectal mucosa (diverticular disease n=2 and
irritable bowel syndrome n=3). Ethical
permission was granted by the Royal Liverpool
University Hospital Trust. The specimens
were then cultured, using the method of
MacDermott et al,9 in the presence of 10
,uCi/ml 14C threonine (ICN, High Wycombe,
UK) to achieve biological radiolabelling of
colonic mucin. Culture was for 24 hours at
37°C in 95% 0215% CO2 using 1 ml RPMI
and 10% fetal calf serum (v/v) (Gibco,
Uxbridge, UK) for each specimen, to which
was added 100 ,ug gentamicin/ml and 60 ,ug
nystatin/ml. The specimens were then soni-
cated with 4X 15 second bursts on a MSE
ultrasonicator (MSE Instruments, Crawley,
UK). The ultrasonicate was then centrifuged
for 30 minutes at 20 000 g and the supernatant
desalted using a PD10-Sephadex G25 M
(5X 1-5 ml) gel filtration column (Pharmacia,
Uppsala, Sweden) and freeze dried. Mucin was
purified using one step high performance gel
filtration (Superose 6, Pharmacia, Uppsala,
Sweden).10 Parallel experiments showed that
this yields mucin that is free from non-mucin
glycoproteins as defined by buoyant density,
electrophoretic mobility, and absence of
detectable concanavalin A binding (mannose
containing) material. All experiments used the
same batch of 14C labelled mucin. The stock
substrate had an activity of 55 dpm/,ug protein.

Faecal samples
Freshly voided faeces from 17 patients with
ulcerative colitis, 12 patients with Crohn's
disease, six with ileocolonic disease, and six
with ileal disease, and 26 normal controls were
stored at -80°C until assay. All of the ulcera-
tive colitis patients were receiving a 5-amino-
salicylic acid containing preparation, nine
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* 14C threonine mucin
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buffer. Faecal extracts (200 u1.) were incubated
with 200 gl of the substrate for eight hours at
37°C. Each sample was tested in triplicate.
The reactants were then subjected to gel filtra-
tion using gravity fed PD 10 mini-columns
(5x 1-5 cm) packed with Sepharose CL4B
(Pharmacia, Uppsala, Sweden) and eluted
with 11 ml of 0.05 M pH 6.5 TRIS/maleate
buffer. The intact mucus glycoprotein eluted
first in the void volume with clear separation
from smaller mucin fragments (Fig IA).
Fractions of 0.5 ml were collected, and each
mixed with 5 ml of scintillant (Optiphase-Safe;
Pharmacia, Uppsala, Sweden) and 1 counted.
The time course, pH profile, and dose

response curve for faecal mucinase activity was
studied using a faecal sample pooled from six
normal faecal homogenates.
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Figure 1: (A) Calibration of a CL4B gelfiltration mini-column showing good sepa:
of intact 14C mucinfrom smaller mucin fragments after incubation with a pooledfa
extract; (B) calibration of a CL4B gelfiltration mini-column showing good separat
intact 14C mucin from smaller compounds.

taking sulphasalazine. Diagnoses of Crohn's
disease or ulcerative colitis were based on con-
ventional pathological and radiological criteria.
In patients with Crohn's disease the disease
activity was assessed by the Harvey and
Bradshaw activity index" and ulcerative colitis
by the Truelove and Witts scale.'2

Faecal extracts were then prepared by
homogenisation of roughly 1-2 g wet weight in
20 ml 0.05 M pH 6.5 TRIS/maleate buffer,
followed by centrifugation at 20 000 g for 30
minutes, and filtration of the supernatant
through a 0.2 ,um pore diameter filter
(Millipore, Molsheim, France). Protein assays
were performed using the Lowry method'3 on
the bacteria free filtrates.

Total mucinase assay
Purified 14C mucin was diluted to 2500
dpm/ml in 0.05 M pH 6-5 TRIS/maleate

Calibration ofCL4B gelfiltration columns
The gel filtration columns containing Sepharose
CL4B were calibrated using purified 14C threo-
nine labelled mucin, thyroglobulin (Mr 669
000), and 14C threonine (Fig iB).

Inhibitor assays
The effect of protease inhibitors on mucinase
activity was assessed by preincubation of the
inhibitors with the faecal extract for one hour
at 37°C, followed by 14C mucin assay. The
specific protease inhibitors used were anti-
papain dihydrochloride (50 ,ug/ml; inhibits
papain, trypsin, cathepsin A and B), 4-
amidinophenylmethanesulfonylfluoride
(APMSF, 40 ,ug/ml; inhibits serine proteases),
aprotinin (2 pug/ml; inhibits serine proteases),
bestatin (40 ,ug/ml; inhibits amino peptidase),
chymostatin (100 ,ug/ml; inhibits, a, (, y, 8
chymotrypsin), E-64 (10 [ug/ml; inhibits
cysteine proteases), EDTA (0.5 mg/ml;
inhibits metalloproteases), leupeptin (0.5
,ug/ml; inhibits serine and cysteine proteases),
pepstatin (0.7 ,ug/ml; inhibits aspartate
proteases), and phosphoramidon (330 pug/ml;
inhibits metalloendopeptidases). All of these
inhibitors were obtained from Boehringer
Mannheim, Lewes, UK. The effects of
bismuth subsalicylate (4 g/l) on mucinase
activity was also assessed in view of the thera-
peutic effect of this bismuth salt in ulcerative
colitis'4 and its general property, as for other
heavy metal salts, of enzyme inhibition.
The intra-assay and interassay coefficient of

variations for mucinase assay were 5.0% and
12.0%. The recovery of 14C threonine within
the assay was 94% (SD 3.5%). Statistical com-
parison between disease groups was performed
using the Mann-Whitney U test and compari-
son between control and inhibitors using
Kruskal-Wallis analysis of variance (all p
values two tailed).

Results
All faecal samples had detectable mucinase
activity assessed using 14C threonine mucin as
substrate (Fig 2). Faecal mucinase activity of a
pooled normal filtrate was capable of removing
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p<0 02) or in Crohn's disease (median 35.5,
17.5-55.7, p<0 05) (Fig 2). There was no dif-
ference in faecal mucinase activity between the
inactive and active ulcerative colitis groups
(median 48.6, 25.9-65-0, n=7 and 56-3,
23.6-135-4, n= 10, p=0 64) (Fig 7).
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Figure 2: Faecal mucinase activity in samples from patients with inflammatory bowel
disease and controls, showing the median (-) and interquartile range (...).

80% of the 14C label from mucin within
approximately eight hours, but 20% remained
intact despite prolonged incubation (Fig 3). A
small proportion of free 14C threonine was
excluded on sepharose 4B (Fig 1B), which pre-
sumably results from non-specific binding and
could explain this apparent resistance to total
degradation. Figure 4 shows the 'dose
response' for faecal mucinase activity. The pH
profile of mucinase was broad with similar
activity between pH 4.5-9 5 (Fig 5). Heat
inactivation (80°C for 15 minutes) of the faecal
extract completely abolished mucinase activity.
Mucinase activity was significantly diminished
by preincubation with chymostatin and EDTA
(81 8% (interquartile range 46-100) and
91.6% (74.5-100), p<0 05), compared with
controls. Bismuth subsalicylate also produced
significant inhibition of mucinase activity
(72.0% (33.0-100)), p<0 05 (Fig 6).

Faecal mucinase activity, expressed as dpm
released per ,ug protein per hour, was signifi-
cantly higher in the ulcerative colitis group
(median 52.7, interquartile range 32.9-66 9)
than in the control group (34.4, 26.8-40.4,

Discussion
In this study the use of 14C threonine human
colonic mucin as substrate for faecal enzymes
combined with Sepharose 4B chromatography
of the reaction products provides a reasonable
approximation to the situation in vivo. It
showed the presence of mucin degrading
activity in all the faecal samples studied. The
very broad pH range of activity suggests that
multiple enzymes participate in this process.
This is similar to the broad pH range reported
for faecal protease activity assessed by release
of new N-terminals from succinyl-albumin.6
The assay differs importantly, however, in
its response to addition of inhibitors. The
N-terminal release assay, which was performed
at slightly higher pH (7.5) is unaffected by
EDTA,6 whereas the 14C threonine mucin
assay reported here is >80% inhibitable. This
may perhaps reflect the fact that certain mucin
subspecies, for example MUC2 (which is
probably the commonest colonic mucin
species),15 have such a long (Mw> 1X 106 kDa)
and extensively glycosylated protein core that
it will probably still be excluded from
Sepharose 4B after protease attack alone and
would require further or alternative degrada-
tion of its oligosaccharide chains by the appro-
priate sulphatase, O-acetyl esterase, sialidase,
and glycosidase enzymes before inclusion on
Sepharose 4B. It therefore seems probable that
the 14C threonine mucinase assay reflects a
combination of protease, sulphatase, and
glycosidase activity and arguably gives a more
complete reflection of in vivo faecal mucus
degrading activity. It reflects important
enzymatic disruption of the mucin, so it could
be argued that biologically important but more
subtle damage, for example, changes in poly-
meric structure and mucus rheology, may be
undetected by this technique.
The increased mucolytic activity demonstra-

ble in faecal samples from patients with
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Figure 3: The time course offaecal mucinase activity
showing maximal degradation of 14C mucin by eight hours,
with 20% of the mucin threonine remaining in high
molecular weight glycoprotein.
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Figure 4: Mucinase activity of serially diluted pooled
normalfaecal extract using 14C threonine mucin showing
14C threonine release (dpm) after eight hours incubation.
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ulcerative colitis complements
reported findings of increased
activity using azocasein as
measured by release of new N
succinyl-albumin.7 The lack
between mucinase activity and
is slightly surprising, but has
sidered in the previous publi
can be concluded from this
colitis does not usually result f
in faecal mucolytic activity.
The maintained increase in:
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comparatively low (not significantly low
compared with controls but significantly lower
than in ulcerative colitis), which is in keeping

, with the comparatively thick mucus layer seen
in Crohn's disease.16
The source of the mucolytic activity

measured in the 14C threonine mucin assay is
unknown and is probably multifactorial.
Pancreatic proteases tend to have well defined
alkaline pH optima,6 so probably contribute
comparatively little to the mucinase activity at
faecal pH, although the inhibiting effect of

, the chymotrypsin inhibitor, chymostatin, is
7.5 8.5 9.5 perhaps surprising. The high degree of inhibi-

tion seen with both EDTA (92% inhibition)
T.HCI and chymostatin (82% inhibition) may be

inase activity is explained by the calcium dependency of chy-
ofseveral enzymes. motrypsin (or other chymostatin inhibitable
RT.Mal=I OhmO proteases), which has previously been shown

with certain substrates.'7 Leucocytes do not
produce sialidases4 or sulphatases3 that are
capable of acting on mucin as a substrate, but

s the previously it is not known whether leucocyte proteases
faecal protease may do so. It seems probable that much of the
substrate4 and mucus degrading activity is bacterial in origin.
[-terminals from Faecal bacteria have been shown to secrete the
of correlation spectrum of glycosidases5 and sulphatases3

1 disease activity relevant for mucus degradation and are the
,not been con- source of much of the protease activity in
shed studies. It faeces.'8
that relapse of The persistent increase in faecal mucinase
Erom an increase activity seen in inactive ulcerative colitis might

(a) simply reflect increased substrate avail-
faecal mucolytic ability cause by increased mucus shedding
colitis even in (although there is no direct evidence for this);
s to the abnor- (b) reflect a reduction in faecal protease
r recently des- inhibitors, such as the mucin associated
eresting that the protease inhibitor'9 and ot 1 antitrypsin,20 both
rohn's disease is of which are secreted with mucus; alternatively

(c) it might imply a subtle change in faecal
flora, which has not so far been obtained
by conventional microbiological techniques,
excepting specific examples such as the
increase in adhesive Escherichia coli.21 If this is
the case it could explain the anecdotal reports
of apparently dramatic therapeutic response
to the rather bizarre treatment of faecal
transplantation.22

......... 1Whether or not the faecal mucinase activity
..... has a direct role in pathogenesis, it provides a

very plausible target for effective treatment.

150-

I.....I.. .....

us a Cu . C]

0.~ ~ ~ ~ ~ 11

0~~~ ~ ~

CD

Inhibitor~ ~ ~ ~ ~ 0 C

0

.

.
S..

0

Inactive Active
ulcerative ulcerative

colitis colitis
re 7: Comparison between faecal mucinase activity
Iisease activity in ulcerative colitis.

125

100 -

c
0

(n 75-50
CD0)Cu

'j 50'-

o10

25

Figure 6: Effect ofprotease inhibitors and bismuth salts on faecal mucinase activity.

0

1

61



62 Dwarakanath, Campbell, Tsai, Sunderland, Hart, Rhodes

Potential treatments could therefore include
bismuth subsalicylate, shown to have inhibit-
ing activity in this study and for which promis-
ing therapeutic effects have been shown,14
polyacrylates such as carbomer 934P, which
have protease inhibiting activity,6 and possibly
the recently described sialidase inhibitors.23
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